Insulin secretion, measured in vivo following an intravenous load of glucose to anaesthetized rats, was markedly increased ten minutes after bilateral electrolytic lesions of the ventromedial hypothalamic (VMH) area when compared to both sham-operated and unoperated controls. The successful lesioning of the VMH area was assessed by the subsequent occurrence of hyperphagia, as estimated by the increase in body weight. It is concluded that the ventromedial hypothalamic area exerts an inhibitory influence upon the secretory activity of the B-cells. Furthermore, the rapid disappearance of such inhibitory influence following lesions of the VMH suggests that this area of the brain may be of importance in the minute to minute regulation of insulin secretion. The precise anatomical location of the hypothalamic "nucleus" (or "nuclei") involved, as well as the neural or humoral nature of its inhibitory effect upon the endocrine pancreas remain to be elucidated.
Summary. Insulin secretion, measured in vivo following an intravenous load of glucose to anaesthetized rats, was markedly increased ten minutes after bilateral electrolytic lesions of the ventromedial hypothalamic (VMH) area when compared to both sham-operated and unoperated controls. The successful lesioning of the VMH area was assessed by the subsequent occurrence of hyperphagia, as estimated by the increase in body weight. It is concluded that the ventromedial hypothalamic area exerts an inhibitory influence upon the secretory activity of the B-cells. Furthermore, the rapid disappearance of such inhibitory influence following lesions of the VMH suggests that this area of the brain may be of importance in the minute to minute regulation of insulin secretion. The precise anatomical location of the hypothalamic "nucleus" (or "nuclei") involved, as well as the neural or humoral nature of its inhibitory effect upon the endocrine pancreas remain to be elucidated.
Key words: Ventro-medial hypothalamus area (VMH), insulin secretion, rat, VMH insulin relationship It is well established that the destruction of the ventromedial hypothalamic (VMH) area by local electrolysis produces chronic hyperphagia and hyperinsulinaemia in rats, the latter being usually assessed days after the surgical procedure [1] [2] . However, hyperinsulinaemia does not appear to be a simple consequence of hyperphagia, since it has been shown to exist in VMH-lesioned animals that are not hyperphagic [2] [3] [4] [5] or in which hyperphagia has been prevented by appropriate food restriction [6, 7] . Hyperinsulinaemia thus represents a genuine change that follows a lesion of the ventromedial hypothalamic area. Hyperinsulinaemia is also likely to be of importance in experimental obesity since it has been reported that the weight gain of rats with VMH lesions could be predicted from the increase of basal insulin levels that occurred after the lesion [8] . The likelihood that the obesity of rats with VMH lesions is indeed related to the activity of the B-cells was further substantiated by the observation that such rats did not become obese when made insulin-deficient [9] . It has been demonstrated that insulin secretion by the B-cells is under the control of the autonomic nervous system, both sympathetic and parasympathetic nerves modulating the output of the hormone [10, 11] . However, the precise relationship that may exist between the hypothalamus and the autonomic nervous system is not known. It is interesting, in this respect, to note that the obesity which follows lesions of the VMH can be largely prevented by sectioning the vagus nerves [12] . Furthermore, it has been suggested that the VMH area could exert an inhibitory influence on the ventrolateral hypothalamic (VLH) area which would normally promote insulin secretion (for review, see [2] ). It has also been claimed that a factor exists in the VLH area that stimulates insulin release by pancreatic islets [13, 14] . A neural relationship between the hypothalamus and the secretory activity of the B-cells has also been suggested: insulin secretion by normally innervated, vascularly isolated, in situ rat pancreas was reported to increase following electrical stimulation of the hypothalamus [15] .
In the present study, we have tested the hypothesis that if an inhibitory influence of the hypothalamus, be it neural or humoral, were to be of relevance in the acute regulation of peripheral insulin concentration, it should rapidly disappear fol- lowing destruction of the VMH area. We have therefore investigated the acute consequence of electrolysis on this secretion in vitro.
F. Rohner et al.: Ventromedial Hypothalarnus and Insulin Secretion used for subsequent blood sampling. The animals were subdivided into three groups: untreated, shamoperated, and VMH-lesioned rats. Electrolytic lesions (David Kopf Instruments, Model 900) were placed stereotaxically by passing an anodal d. c. current (0.8 mA, 40 s) through steel electrodes (0.4 mm in external diameter, and insulated by varnish except for a 0.5 mm free tip). Stereotaxic coordinates used for destroying the ventromedial hypothalamic (VMH) area were A + 6.2 mm, L + 1.1 mm and H -3.7 (16) . Sham-operated rats were treated as the lesioned animals, except that stereotaxic coordinates were different, i. e., A + 8.1 mm, L + 1.1 ram, H -1.9. No current was passed through these electrodes. Immediately after operation, the first blood samples were taken from the jugular vein. This was followed by a rapid injection, into the jugular vein of all rats, of a glucose bolus (0.6 g/kg body weight). This procedure was used since preliminary results had shown that basal insulinaemia was not modified by an acute lesion to the VMH. Blood samples (300 ,ul) were again taken 10 and 30 min later, and centrifuged. Supernatants were used for measurement of plasma immunoreactive insulin (IRI) [17] , using rat insulin as standard. The lower limit of detection of the assay was 0.125 ng/ml. Plasma glucose levels were determined by the glucose oxidase method [18] . After the experiment; animals were kept alive, and the adequacy of the lesions was assessed on the basis of weight gain over subsequent days. Only those rats with successful VMH lesions were taken into consideration.
Results

Materials and Methods
Animals
Ten week old female Wistar rats weighing 220 g and bred in these laboratories were used. They were placed in animal quarters with constant temperature (23 ~ C) and fixed (12 h) light cycle. The animals were fed ad libitum with UAR laboratory chow (Villemoisson, Epinay/Orge, France) up to the beginning of the experiment (9-11 a.m.).
Experimental design
Rats were anaesthetized by intraperitoneal injection of pentobarbita! (50rag per kilo body wt). A polyethylene catheter (pp 50, Portex, England) was then introduced into the external jugular vein and As shown in Figure 1 , basal insulin concentration was not modified immediately after the lesion of the ventromedial area of the hypothalamus, remaining at values that were similar to those of untreated or sham-operated controls. In marked contrast, 10 minutes after an intravenous gIucose bolus, the acutely lesioned animals had circulating insulin levels that were nearly twice those observed in controls. This difference was no longer present 30 minutes later. Plasma glucose levels at 0,10 and 30 rain following glucose administration were the same in untreated, sham-operated and lesioned rats, all plasma glucose concentrations in all groups having returned to basal values by 30 rain. One should emphasize in particular that the increased insulin secretion observed in the rats with VMH lesions when compared to controls was apparently in response to a similar glucose stimulation since, 10 min after glucose administration, the plasma glucose level was 372 _+ 60 mg/100 ml (N=7) for controls and 348 _+ 36 mg/100 ml (N=10) for rats with hypothalamic lesions. As illustrated in Figure 2 , control or shamoperated rats lost weight the day following the experiment and did not gain any during the next five consecutive days. In contrast, animals with VMH lesions gained weight from the first post-operative day onwards. Among the lesioned rats, two failed to gain weight and actually lost 1 and 2 grams, respectively, the day after the experiment to remain thereafter within the body weight range of unoperated and sham-operated controls. As the lesion of the ventromedial hypothalamic area of these two rats was unsuccessful, data from these animals were not included in the results of Figures 1 and 2 . It is of interest to note that in these two animals, the plasma insulin levels 10 min after the glucose load were 5.8 and 7.3 ng/ml, respectively, i. e., well within the range observed in unoperated or sham-operated controls.
Discussion
These data show that a marked increase in insulin secretion following glucose administration in vivo can be detected within 10 minutes after electrolytic lesion of the ventromedial hypothalamic (VMH) area in anaesthetized rats prevented from having access to food. This is in contrast with a previous report indicating that the hyperinsulinaemia that followed VMH lesions was the result of an augmented food intake [19] , an observation that can be attributed to a stimulatory influence of many different substrates and/or hormones. In the present study, the rapid occurrence in hypothalamic-lesioned rats of excessive insulin secretion (Fig. 1 ) was found to coincide with the subsequent development of hyperphagia as estimated by the increase in body weight that occui-red within twenty-four hours and for the subsequent days. These observations strongly suggest that the hypothalamus and/or neighbouring structures have the ability to influence the amount of insulin secreted by the pancreas. This may indicate that the "satiety" centre is functionally related or anatomically close to the hypothalamic structures that, directly or indirectly, influence the secretion of insulin. It is also conceivable that these structures operate independently from those responsible for food intake since their electrolytic lesion resulted in acute alterations in plasma insulin levels clearly unrelated to change in food intake. Hyperinsulinaemia has been previously Shown to occur in ventromedial hypothalamus-lesioned rats in the absence of any hyperphagia [2, 3, 8] . This study indicates, however, that the inhibitory influence of the hypothalamus We have demonstrated elsewhere [7] , using a similar in vivo test, the existence of abnormaIly high insulin secretion in non-hyperphagic rats used ten days after the lesion of the ventromedial hypothalamus. The increase in insulin levels observed in these rats ten minutes after glucose load was of the same order of magnitude as that recorded in the present experiment, and also disappeared 30 minutes later. This indicates that, following destruction of the ventromedial hypothalamus, not only the inhibitory influence of this area upon activity of the B-cells disappears almost instantaneously but that the resulting hyper-reactivity of the endocrine pancreas remains unmodified subsequently. This study suggests that the rapid development of an overreactive endocrine pancreas may be of prime importance for the subsequent occurrence of obesity in animals with VMH lesions and that the hypothalamus appears to exert physiologically a minute to minute inhibitory influence upon insulin secretion. The neural or humoral nature of this hypothalamic regulation, as well as the precise anatomical localization of the hypothalamic area (s) responsible for it remain to be determined.
